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IN THE SPECIFICATION : 

Those paragraphs that have been amended appear below: 

Replace Page U lines 6-16 : ____ 

Fig. 1 shows a typical prior art MOSFET device 10 comprising a semiconductor 
substrate 11, field oxide (FOX) regions 12, source and drain regions 13 and 14, and a 
gate electrode 4£. The substrate 1 1 consists of a P-doped single crystalline silicon to 
form a P type substrate. The thick field oxide (FOX) regions 12 are formed on either side 
of the source and drain regions 13 and 14 for isolation purposes. The gate electrode is 
formed on the surface of semiconductor substrate between the source and drain regions. 
The gate electrode typically includes a thin silicon oxide layer 16 and a polysilicon layer 
17. Silicon dioxide spacers 18 formed on the sidewalls of the gate electrode. Refractory 
metal silicide contacts 19 and 20 are formed typically on the surface of drain and source 
regions 13 and 14 on the horizontal surface of substrate 11 and on the horizontal top 
surface 2 1 of the gate electrode by a process known as a self-aligned silicide or salicide 
process. The silicides result from the thermal reaction of the metal and silicon in regions 
13 and 14 and polysilicon layer 17. 




Replace Page 2, lines 8-27 : 



However, the silicon nitride includes with dangling silicon bonds that can react 
with the metal during the salicide process. Most notably this occurs with nickel. These 
bonds form a thin nickel silicide layer over the spacer. This thin layer leads to bridging 
between the gate electrode and the source and drain regions of the transistor which can 
result in an increase in transistor resistance. 
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It has been discovered that by coating the nitride layer with a thin layer of silicon 
oxide prior to the etching and the salicide process, the bridging problem is significantly 
reduced, if not eliminated. 



The object of this invention is to provide passivate silicon nitride spacers by 
coating the spacers with a thin coating of silicon oxide to avoid silicidation bridging. To 
accomplish the object described above according to the present invention, there is 
provided a method for passivating a silicon nitride spacer which comprises the steps of 
covering the entire surface of a at* semiconductor substrate including source and drain 
regions, a gate electrode with a thin layer of silicon oxide, etching the top surface of the 
gate electrode and the top surfaces of the source and drain regions just prior to depositing 
the metal in the silicidation silcitation process. The other objects and characteristics of 
the present invention will become apparent from the further disclosure of the invention 
which is given hereinafter with reference to the accompanying drawing. 



A more complete appreciation of the invention and many of the attendant 
advantages thereof will be readily obtained as the same become better understood by 
reference to the following detailed description when considered in connection with the 
accompanying drawings drawing . 
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Fig. 2A is a cross-sectional view of the first stage of the process. A 
semiconductor substrate 11 is shown having isolation regions 12. The semiconductor 



Summary of the Invention 




Brief Description of the Drawings Drawing 
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substrate can be silicon or a e^-aa silicon on insulator (SOI) structure. The substrate 1 1 
can be an N-type or P-type silicon. For illustrative purposes only, Fig. 2A shows 
semiconductor substrate as a single crystalline silicon that is doped with a P-type dopant. 

The isolation regions 12 may be shallow trench isolation (STI) regions or field 
oxide (FOX) regions that can be formed using any known know localized oxidation of 
silicon (LOCOS) isolation methods. For example, thick field oxide (FOX) regions 12 
can be formed by thermal oxidation in an oxygen-steam ambient at a temperature 
between 850° to 1050° C. The thickness of the regions is from about 4000 to about 6000 
A. Oxidation is prevented in the region between the FOX regions by using a patterned, 
oxidation resistant mask that is removed after the oxidation process is completed. 

The gate electrode 44 comprises a dielectric layer 16 and a gate conductor layer 
17. The gate dielectric layer 16 is formed on upper surface of substrate 11 between 
isolation regions 12. The gate electrod e dielectric layer 16 is typically silicon oxide, but 
it can also be silicon oxynitride or a high-K dielectric such as tantalum pentoxide 
(Ta 2 05). The layer can also be a composite layer of silicon oxide and silicon nitride. The 
thickness of the gate dielectric layer 16 is from about 20 to about 100 A. The gate 
dielectric layer 16 can be formed by using conventional chemical vapor deposition 
(CVD) techniques. 
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The gate conductor layer 17 is formed over the gate dielectric layer 16. The gate 
conductor layer 17 is a polysilicon material and is about 400 to about 1000 A thick. The 
polysilicon material is typically a mixture of polysilicon and amorphous silicion. Once 
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formed, the gate dielectric layer 16 and the gate conductor layer 17 are is patterned to 
form a gate structure by using well known photolithographic and etching techniques. The 
thickness of the total gate electrode is between 420 A and 1100 A. The gate electrode is 
formed by providing a layer of silicon dioxide as the gate insulator layer by thermally 
growing the oxide in an oxygen-steam ambient at a temperature between 850° to 1050° 
C. to a thickness between about 50 and about 200A. Next, a polysilicon layer is 
deposited on the gate insulator by any conventional process such as a low pressure 
chemical vapor deposition process at a temperature between 600° to 800° C. The 
thickness of the gate insulator is from about 500 A to about 5000A. The polysilicon 
layer can be doped using conventional techniques and conventional photolithographic 
and reactive etching procedures to create the polycrystalline gate structure. The width of 
the polycrystalline gate structure is between about 50 nm and about 1 nm. 

Fig. 2B shows forming the source and drains regions 13 and 14 adjacent to the 
opposite sides of the gate electrode. The formation of the source and drain regions 13 
and 14 can be accomplished by any known methods such as by the conventional ion 
implantation of phosphous or arsenic. Nothwithstanding the methods, for illustrative 
purposes only, Fig, 2B shows the semiconductor substrate ii as a P-type silicon and and 
the source and drain regions as doped N-type. Alternatively, but not shown, the 
semiconductor substrate 11 could be an N-type and the source and drain regions 13 and 
14 could be P-type. — — — . 



Silicon nitride nitrd e sidewall spacers 18 are used during the formation of the 
source and drain regions 13 and 14. The spacers 18 are formed by depositing a blanket 
layer of silicon nitride (not shown) and anisotropically etching the nitride layer to form 




-5- 



WDC99 744459-1.052352.0757 




A 



09/919,943 

spacers 18. The anisotropic etch method is selected because it will remove the nitride 
from the upper surface of the gate electrode and the surface of the semiconductor 
1 1 substrate, but not the nitride on the side walls of the gate electrode. The average typical 
thickness for each spacer is from about 50 to about 500A. 



In Fig. 2C, a thin silicon oxide layer 23 ef is formed on the semiconductor 
substrate including the gate electrode, the spacers 18, the source and drain regions 13 and 



14 and the isolation regions 12. The thickness of 



Replace Page 5, lines 1-20^ 
the layer 23 is from about 20 A to about 100 A. The silicon oxide layer 23 is formed by 
treating the substrate II in a mixture of sulfuric acid and hydrogen peroxide at a 
temperature of about 300° C. The thin silicon oxide layer 23 is removed from the surface 
of the source and drain regions 13 and 14 and the top surface of the gate electrode to form 
the device shown in Fig. 2D 

Fig, 2E shows a blanket layer 24 of nickel deposited on the top surface of the 
semiconductor substrate 11 including the gate electrode, spacers 18 spacer , the source 
and drain regions 13 and 14 and the isolation regions 12. The nickel layer 24 is deposited 
by using a PVD process such as DC sputtering. The thickness of the refractory metal 
deposited in this step depends upon several factors, including, inter alia, the particular 
selected metal, its Si consumption ratio, and desired thickness (hence resistivity) of the 
resultant refractory metal silicide. The conversion of Ni to NiSi may be accomplished by 
means of a one-step thermal process, typically RTA performed at temperatures of from 
about 350 to about 750°C, for example, in a nitrogen (^-containing inert atmosphere at 
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550°C for about 40 sec. The formation of NiSi commences at about 250°C, when the Ni 
layer reacts with silicon to form Ni2Si. With increase in reaction time or temperature to 
above about 300°C, the Ni2Si undergoes further reaction with silicon in the source and 
drain regions and with the polysilicon material in the gate conductor to form NiSi layers 
25, 26 and 27, respectively, as shown in Fig. 2F. Because of the thin silicon oxide 23 on 
the spacers 18, no nickel silicide is formed on the nitride spacer. 

Unreacted nickel 24 must be removed from areas where silicide does not form to 
produce the device shown in Fig. 2G. This is accomplished by using an anisotropic 
sputter etching or by etching with a 2:1 H2SO4/H2O2 mixture at a temperature of about 
100°C. 
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